| INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most frequent cancer and is responsible for more than half a million deaths each year, which makes it the third leading cause of cancer deaths worldwide. 1 In China, the incidence of HCC is increasing and now accounts for 55% of all HCC cases in the world. 2, 3 This disease is strongly associated with several risk factors, including chronic hepatitis B virus (HBV), chronic hepatitis C virus (HCV) infection, and alcohol abuse. 4 HBV infection is a challenging health issue in China, where about 93 million peoples are HBV carries and 30 million have chronic B hepatitis. 5 Alcohol abuse is also on the rise in China with about 6.6% of males and 0.1% of females diagnosed with alcohol dependence. 6 Many of these patients develop liver disease such as alcoholic hepatitis and cirrhosis thereby to subsequent carcinogenesis.
The human mitochondrial genome is a 16-kb closed circular duplex molecule that contains 37 genes, including two ribosomal RNAs and a complete set of 22 tRNAs. Because of its lack of the protection of histone protein, inefficient repaired mechanism, and generation of reactive oxygen species (ROS), mtDNA has high susceptibility to mutations and polymorphisms. [7] [8] [9] Oxygen species production could cause oxidative damage that lead to mutations and polymorphisms in the mitochondrial genes as well as affect the process of oxidative phosphorylation (OXPHOS), which might ultimately initiate carcinogenesis. 7, [10] [11] [12] [13] However, the mechanism of dysfunction of OXPHOS in HCC remains unclear. It is reported that abnormal level of ROS could induce HCC by affecting the process of oxidative phosphorylation (OXPHOS) and downregulation of the tumor suppressor genes in vitro. 14 We found that the highly polymorphic sequence in D-loop that might be related to the breast cancer risk, esophageal squamous cell carcinoma, non-Hodgkin lymphoma, kidney cancer, and lung cancer. [15] [16] [17] [18] [19] [20] But few studies focused on the relationships between coding region of mtDNA and HCC. COX genes codes three subunits of respiratory complex IV, a key enzyme as the third and final enzyme of the electron transport chain of mitochondrial oxidative phosphorylation in aerobic metabolism. 21 Gene polymorphisms of COX genes (including COXI, COXII, and COXIII) contributed to the dysfunction of mitochondrial respiratory function and associated with susceptibility of prostate cancer. 22 In this study, we sequenced a region of approximately 3010 bp flanking the majority of the COX genes (including COXI, COXII, and COXIII) in mtDNA coding region from the blood DNA of HCC patients to identify cancer risk-associated single nucleotide polymorphisms (SNPs). 
| MATERIALS AND METHODS

| Tissue specimens and DNA extraction
| Sequencing the mtDNA COXI, COX II, and COX
III genes
The primer pairs used to amplify the COXI (5530~6050 bps),
COXIII (8870~9320 bps), COXIII (9320~9810 bps), and COXIII (9640~10090 bps) genes were listed in Table 1 , PCR was performed with the PCR Green Master Mix (Thermo, Billerica, MA, USA) and PCR production was purified prior to sequencing. Cycle sequencing was carried out with the Dye Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems, Foster City, CA, USA) and separated using the ABI PRISM Genetic Analyzer 3100 (Applied Biosystems).
| Statistical analysis
The 
| RESULTS
A total of 107 HCC patients were enrolled in this study. The clinical characteristics of the HCC patients and healthy controls are listed in Table 2 , the age and gender showed no statistical difference between the HCC and healthy control.
We firstly analyzed mitochondrial COXI (nucleotide 5904~7445), COXII (nucleotide 7586~8269), COXIII (nucleotide 9207~9990) sequences in 30 HCC and healthy controls. A total of eight SNPs were identified in the COX coding region (Table 3) . Kruskal-Wallis H test assisted by Nemenyi grammar was used to evaluate SNPs frequency in different groups (the sum of SNPs per person/length of target genes).
Higher SNPs frequency was found in the HCC comparing with that of normal controls. A tendency toward an increased SNP frequency was T A B L E 1 Primer pairs used to amplify the COX region T A B L E 2 The age and gender of HCC and controls observed in HCC patients, but did not reach statistical significance (Data not shown).
The P value of two sites (8584G/A P=.052, 9545A/G P=.112) was found near to the P value of .05 by a case-control study with HCC patients and controls using χ 2 test, so we genotyped the two sites in more patients and controls (Table 4 ). As shown in Table 4 , the 9545 nucleotide was identified for its association with HCC risk with G allele susceptible to cancinogenesis. These data demonstrated that 9545 allele was responsible for HCC susceptibility.
| DISCUSSION
The relationships between mitochondrial DNA variation and oncogenesis were demonstrated in many kinds of tumor. [23] [24] [25] [26] We previously focused on the role of mitochondrial D-loop variation in tumor development. 27, 28 In this study, we sequenced the whole COXI, COXII, and COXIII genes in the coding region of mitochondiral DNA and identified the association of 9545 nucleotide with HCC risk by χ 2 analysis.
At the evolution process, more somatic mutation occurred in function so as to initiate carcinogenesis. 12 A study on colon cancer also showed that decreased expression of cytochrome c oxidase subunit I, which was coded by COXI gene, was significantly correlated with apoptosis resistance and increases the level of ROS. 31 The amino acid substituted somatic mutation which have potential to cause mitochondrial dysfunction was found in the HCC patients, the COXIII could colocalize with HBx to upregulate the mitochondrial function and HBx-induced ROS generation thereby to initiate the oncogenesis of HBV-associated HCC.
32,33
Polymorphisms in mtDNA coding region have recently been reported being association with human cancer. 29, 31 One cancer riskrelated SNP 9545A/G was found in HCC patients, however, it is a silent variant (9545A/G) which meant that it did not induce amino acid substitution. The site might effect tRNA or other cotranscription genes to modulate the function of mitochondria so as to contributed to the tumor occurrence and development. So the functional study of this site needs to be performed. In conclusion, analysis of the genetic polymorphisms in the mitochondrial coding region (COXI, COXII, and COXIII) may help identify patients at a higher risk for developing HCC. Further researches will be essential to clear and identify the role of these changes.
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